Neural processing of traumatic events in subjects suffering PTSD - a case study of two surgical patients with severe accident trauma by Flatten, Guido et al.
Neuralprocessingoftraumaticeventsinsubjectssuffering
PTSD: a case study of two surgical patients with severe
accident trauma
Neuronale Aktivierungsprozesse bei akuter PTSD: eine fMRI–Fallstudie
bei zwei Patienten nach schwerer Unfalltraumatisierung
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Neuroimaging research on the neurobiology of chronic PTSD (post-
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auch strukturellen Veränderungen in umschriebenen Hirnregionen des
medialen Temporallappens (Hippokampus, Amygdala, Parahippokam- Functional Neuroimaging
Unit,RWTHAachen,Germany paler Gyrus) und des frontalen Cortex einhergeht. Die vorliegende
fMRT(funktionelle Magnetresonanztomografie)-Studie untersuchte die
funktionelle Neuroanatomie traumatischer und nicht-traumatischer
Erinnerungen bei zwei chirurgischen Patienten nach schwerer Unfall-
traumatisierung. Nur Patient 1 entwickelte eine akute PTSD, während
Patient2ohneklinischrelevantePTSD-Symptomatikblieb.Konfrontiert
mit der Unfallerinnerung (im Vergleich zu negativen, aber nicht trauma-
tischen Erinnerungen) zeigte der PTSD-Patient vermehrte neuronale
Aktivitäten im Bereich des rechten und linken superioren Temporallap-
pens, im Bereich der Amygdalae, des linken Gyrus angularis, und des
Gyrus frontalis medialis. Der Patient ohne PTSD-Symptome zeigte bei
gleichen Untersuchungsbedingungen vermehrte neuronale Aktivitäten
infrontalenundparietalenRegionen.BeidePatientenzeigtenidentische
Aktivierungsmuster für den Vergleich negativer, nicht-traumatischer zu
neutralenErinnerungen.DieUntersuchungsergebnisselassenvermuten,
dass die besonderen Aktivierungsmuster bei dem Patienten mit akuter
PTSD spezifisch für das Stadium einer akuten PTSD sind, die typischer-
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Case Report OPEN ACCESSweise durch sehr lebendige und emotional belastende Wiedererinne-
rungen der traumatischen Situation charakterisiert ist.
Introduction
PosttraumaticStressDisorder(PTSD)ischaracterizedby
intrusive memories which expose patients to repetitive
and vivid recollections of trauma-related cognitive,
emotive and sensory input. These memories frequently
provokeastateofhypervigilanceandhyperarousalwhich
istypicallyaccompaniedbyvariousvegetativesymptoms.
Neurobiological research has provided sound evidence
in support of the hypothesis of neurotoxicity of stress-re-
lated increases in steroid hormones which enhance the
vulnerabilityofcentralnervousstructurescausingmemory
dysfunctions.Duetotheextendedtimecoursesfrequently
observed in PTSD, this disorder has been suggested to
induce a variety of chronic alterations in neural plasticity
which affect both brain functions and behaviour [8].
Functional neuroimaging SPECT (single photon emission
computed tomography) [27], PET (positron emission
tomography) [31], [37], [4], [6], [18] and fMRI (functional
magnetic resonance imaging) studies [32], [39], [22],
[23], [24], [25] supplied understanding of the neural ac-
tivationpatternsassociatedwiththedisorderusingscript-
drivenimageryasareliablemethodforsymptomprovoca-
tion in PTSD patients during trauma-related memory re-
trieval. It was suggested that in chronic PTSD patients
processing of emotional and stress related memories
results in dysfunctions of PTSD specific brain areas and
neuralnetworks[6].ThesePTSD-relatedneuralnetworks
include various subcortical limbic brain regions: the
amygdaloid complex, the hippocampal formation, and
structures of the limbic cortex, such as orbitofrontal and
anterior cingulate areas [27]. In the PET study by Rauch
et al. [31], exposure to traumatic scripts was shown to
increaselimbicregionalbloodflowintherightamygdala,
insula, orbitofrontal cortex, and the anterior cingulate
while blood flow in the left middle temporal gyrus and
inferior frontal cortex decreased. Vietnam veterans with
combat-related PTSD, however, did not exhibit clear or-
bitofrontalcortexactivationinresponsetocombat-related
acoustic and visual contents when compared to Vietnam
veterans without combat-related PTSD [3]. Another PET
studyonPTSDpatientsbyShinetal.[37]revealedarela-
tive failure of orbitofrontal cortex activation, an increase
inbloodflowintherightamygdalaandanteriorcingulate,
and a decrease in blood flow in the left middle temporal
and inferior frontal cortices induced by combat trauma-
related (versus neutral) mental imagery (relative to
healthy controls). Using functional MRI and script-driven
imagery, Lanius et al. [24] more recently compared nine
patients who had developed PTSD subsequent to sexual
abuse or motor vehicle accidents to controls who merely
met DSM-IV A criteria for PTSD (relevant traumatic ex-
perience according to the Diagnostic and Statistical
ManualofMentalDisorders,APA[1]).Inthecontrolgroup,
bilateral activations of the thalamus, anterior cingulate,
medial frontal gyrus, as well as right occipital cortex ex-
ceeded that observed in patients with full-blown PTSD.
These findings strongly suggest PTSD-related alterations
of brain activation affecting those regions of the brain
engaged in memory processing. Owing to Brewin's dual
representationmodel,processingoftraumaticmemories
possibly uses specific pathways referred to as the 'situ-
ationalaccessiblememoriessystem'(SAM)[7].Itremains
a key question for the understanding of PTSD whether
there are different pathways engaged in the encoding
and retrieval of traumatic and non-traumatic memories.
Recent findings suggest traumatic stress to frequently
induce a functional block and/or inhibition of fronto-
temporal pathways which can than lead to the formation
of rather isolated neural networks which are responsible
fortheprocessingoftraumadominatedinformation[25].
Regarding memory consolidation as a time dependent
process, re-confrontation with traumatic memories is
likely to result different activation patterns, depending
on the temporal stage of traumatic information pro-
cessing.
The DSM-IV defines acute PTSD as a transient disorder
with symptoms prevailing less than three months in con-
trast to the chronic form of PTSD which is diagnosed in
the case of symptoms prevailing longer than 3 month.
Most neuroimaging studies conducted on PTSD focused
exclusively on the chronic stage of the disorder. Only re-
cently,Laniusetal.[22]publishedafirstfMRIcasestudy
on acute PTSD in a couple surviving a severe motor
vehicle accident. Hence, little is known about traumatic
information processing in the acute stage. Our present
fMRIstudyaimedatexpandingthecurrentunderstanding
ofacutetrauma-relatedinformationprocessingbyassess-
ing the functional neuroanatomy of traumatic and non-
traumatic emotional memory in two patients with acute
PTSD following accident trauma.
Materials and methods
Subjects
2 right-handed, male subjects were enrolled in the study
whohadrecentlyexperiencedanaccidenttrauma.Patient
1 (aged 21) developed acute PTSD according to DSM IV
criteria [45] following a motor vehicle accident. Patient
2 (aged 40) suffered a severe accident on a construction
site sustaining a T7/8 paraplegia without developing a
PTSD. None of the patients reported any previous or
currentpsychiatricorneurologicaldiagnoses.Psychomet-
ric testing yielded diverging results for both patients: pa-
tient 1 (PTSD) scored on the IES (Impact of Event Scale,
GermanVersion)21,patient2scored11(cut-off19).For
diagnosisofacutePTSD,theStructuredClinicalInterview
for DSM IV (SCID I) was also applied [45]. Patient 1 met
allDSM-IVcriteriaforacutePTSD,whilepatient2didnot.
The HADS (Hospital Anxiety and Depression Scale) was
2/10 Psycho-Social-Medicine 2004, Vol. 1, ISSN 1614-2934
Flatten et al.: Neural processing of traumatic events in subjects ...alsoemployed,butdidnotexhibitanyrelevantdifferences
between both patients [19].
Both patients were tested within identical time frames
after suffering their accidents: patient 1 (PTSD) was
testedonday21,patient2(noPTSD)onday24following
the accident. Written informed consent was obtained
from each patient prior to participation, and the study
was approved by the local ethics committee.
Stimuli
Three individualized stimuli were obtained for each pa-
tient by means of a semi-structured interview (duration
= 60 min; time-interval between interview and scanning
session 1 week): one of their traumatic accident event,
a second of a negative, but non-incriminating life event,
and a third of a neutral episode. Patients were asked to
provide as many details and contextual information for
each of the remembered episodes as possible to allow
forthepreparationofscriptsdescribingspecificsituations
oftherespectiveepisodes.Scriptswerepresentedduring
scanning to trigger the subjects' memories of each epi-
sode. The total number of words included in each script
was 160 ± 5. Scripts were read by a sex-matched person
not involved in the study and recorded in a professional
media center.
Tasks and experimental design
The experimental paradigm used in the present study is
commonly termed script driven imagery. In previous
functional neuroimaging studies on traumatic memory
[e.g. [23], [38]], this paradigm was shown to reliably
triggerhighlyemotionalmemoriesandsymptomstypically
associatedwithtrauma-relatedmemoryretrievalinPTSD
(flashbacks, intrusions, dissociation, depersonalisation,
derealisation). It has thus been effectively used for the
provocationofsymptomsinpatientswithPTSDandother
psychiatricdiseasesfrequentlyassociatedwithtraumatic
experience.Forauditorypresentationofthescriptsduring
the fMRI experiment, MR (magnetic resonance) compat-
ible headphones and Cool Edit Pro 2.0 Software (Syntril-
liumSoftwareCorporation,Phoenix,USA)wereused.Lying
in the MR scanner, patients listened to their scripts de-
scribing the traumatic accident episode, a negative non-
traumatic or neutral autobiographical episode, respect-
ively. An fMRI blocked design was applied to evoke the
neuralresponsesassociatedwiththeretrievalofemotion-
ally arousing traumatic, negatively valenced but non-
traumatic, and neutral memories. The neutral memory
condition was used as the baseline condition.
A total of three experimental runs were completed,
maintaining the same sequence of scripts used
throughout. During each experimental run, each script
was played once for 90 s, starting with the negative non-
traumaticepisode,followedbytheaccidenttraumascript,
to be finished by presentation of the neutral event. Parti-
cipants were instructed to remember the events and
situations triggered by the scripts as vividly as possible
trying to re-experience events imagined. Order of condi-
tions was not counterbalanced across runs and individu-
als since it was assumed disadvantageous to start with
thetraumaticepisodeaspatientsmighthavebeenunable
to mentally distance the trauma event and adjust to the
negative non-traumatic episode. Switching from the
traumatic to the neutral episode, however, is known to
reducethelevelofemotionalarousalinducingrelaxation.
For each condition, forty complete brain volumes (TR
(repetition time) = 3 s) were acquired during each run. A
total of three experimental runs each consisting of 3
memoryblockswereperformed,leadingtotheacquisition
of360volumespersubject(120volumeimagesperrun).
Prior to scanning, subjects were familiarized with the ex-
perimental set-up and the tasks.
MR hardware and technical parameters
Scanningwasperformedusingtheequipmentasdetailed
earlier [30]. In short, we employed a 1.5 T whole-body
scanner (Philips Gyroscan NT, Hamburg, Germany) with
echo-planarimaging(EPI)capability.Fortransmittingand
receiving,astandardradiofrequencyheadcoilwasused.
The fMRI paradigm consisted of 3 time-series, as de-
scribed above.
Post-scanning debriefing
To assess successful recollection of the episodes
triggered by the scripts, each subject was asked immedi-
ately after scanning to (1) indicate the scripts' quality of
sound and (2) separately rate specific dimensions of the
memoriesretrievedduringscanningforeachexperimental
condition on a visual analogue scale (VAS) ranging from
0 (not at all) to 10 (highly intense). The following items
were used to identify typical features of emotional auto-
biographicalmemoryretrieval:imagery,emotionsassoci-
ated with the memory, psychophysiological responses,
picture-like memory, acoustical perceptions, haptic per-
ceptions, olfactory perceptions, gustatory perceptions,
and subjective discomfort.
Image processing
Image processing and all statistical calculations were
performed on Ultra 20 workstations (SUN Microsystems
Computers)usingMATLAB6(TheMathworksInc.,Natick,
MA, USA) and SPM2 (Statistical Parametric Mapping
software, SPM; Wellcome Department of Cognitive
Neurology, London, UK; http://www.fil.ion.ucl.ac.uk).
SPM2 was employed for image preprocessing (image re-
alignment, normalization, and smoothing) and to create
statistical maps of changes in relative regional BOLD
(blood oxygenation level dependent) responses corres-
pondingtothetwoemotionalmemoryconditionsandthe
baseline [14], [15].
The first 2 images of each time-series were discarded to
allow the MR signal to reach steady state. To correct for
head movement between scans, the remaining 120
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first image. Thereafter, images were transformed into
standard stereotactic space as defined by Talairach and
Tournoux [42] using linear proportions and a non-linear
sampling algorithm. The intercommissural AC (anterior
commissure)-PC (posterior commissure) line was used
as the reference plane [14]. For this normalization pro-
cedure, a representative brain from the Montreal Neuro-
logical Institute (MNI) series provided by SPM2 was em-
ployed as the reference template [11]. Subsequently, all
data were expressed in terms of standard stereotactic x-,
y-, and z-coordinates using the Talairach and Tournoux
stereotactic space convention. The resulting pixel size
was 2 x 2 mm with an interplane distance of 2 mm. Fol-
lowingnormalizationprocedures,transformeddatawere
smoothedwithaGaussiankernelof8mm(fullwidthhalf
maximum)tocompensatefornormalvariationinindividu-
al brain size and shape, as well as gyral and sulcal ana-
tomy across subjects, and to meet the statistical require-
ments of the theory of Gaussian random fields presup-
posed by the General Linear Model employed in SPM2.
Statistical analyses
Following image pre-processing, statistical analyses of
functional MR data were performed. Subject-specific low
frequency drifts in signal were modeled and removed
using low frequency cosine waves, and proportional
scaling normalized the global means. Data analysis was
performed by modeling the experimental memory condi-
tions (traumatic and negative non-traumatic memories)
and the baseline (neutral memories) by means of refer-
ence waveforms which correspond to boxcar functions
convolved with a haemodynamic response function [14].
Accordingly, a design matrix which comprised contrasts
modeling alternating intervals of "activation" (referring to
the two different experimental memory conditions) and
"baseline"(referringtotheneutralmemorycondition)was
defined. Specific effects were assessed by applying ap-
propriate linear contrasts to the parameter estimates of
the two experimental conditions and the baseline result-
ingint-statisticsforeachvoxel.TheseconstitutedStatist-
icalParametricMaps(SPM{T})ofdifferencesbetweenboth
the memory conditions and between the memory condi-
tions and the baseline. SPM{T}-statistics were interpreted
inlightofthetheoryofprobabilisticbehaviorofGaussian
random fields. Voxels had to pass a height threshold of
T = 4.61 (p < 0.05, corrected for multiple comparisons)
in order to be identified as reflecting statistically signifi-
cant activation. However, for medial temporal areas,
specifically, the amygdala and the hippocampus, and for
severalcorticalareasofinterest,statisticalthresholdwas
settoT=3.09(p<0.001,uncorrected)sincetheBonfer-
roni correction was supposed to be too stringent for the
use in the analysis of functional neuroimaging data. It
has been shown evidence that this classic method of
statisticalcorrectionfrequentlywipesoutareasofsignifi-
cant activations and thus yields a reduced view of the
activation patterns associated with a specific cognitive
and/or emotional task demand [13]. Small volume cor-
rections for predefined regions of interest (ROI) were not
applied since the definition of commonly used ROIs is
based on neuroimaging research on patients with
chronic PTSD. Rather, the present study explicitly aimed
at assessing putative differences in neural activations
associated with traumatic memory retrieval in patients
with acute compared to those with chronic PTSD. An ex-
tent threshold of 10 voxels was applied.
Masking of the relevant contrasts was performed to as-
sess whether or not relative increases in neural activity
between conditions reflected activations in the condition
of interest or rather deactivations in the other (relative
to baseline).
Data were analyzed for the overall effect of negatively
valenced emotional autobiographical memory retrieval
contrastingthejointtraumaticandnegativenon-traumatic
experimental conditions with the baseline, for the simple
effectsofthetwoemotionalmemoryconditionscontrast-
ing each experimental condition separately with the
baseline, and for the main effect of trauma contrasting
the traumatic with the negative non-traumatic condition,
and vice versa.
Localization of activations
Standardstereotacticcoordinatesofpixelsshowinglocal
maximum activation were determined within areas of
significant relative changes in neural activity associated
with the demands of the different memory conditions.
These local maxima were anatomically localized by refer-
ence to a standard stereotactic atlas [42]. For validation
ofthismethodoflocalization,SPM{T}-statisticsweresuper-
imposedontheT1-weightedindividual3Dhighresolution
anatomicalMRacquiredforeachpatientpriortofunction-
al neuroimaging.
Results
Brain activity associated with the effect
of traumatic memory versus negative
non-traumatic memory
Whencontrastingtraumaticnegativenon-traumaticmem-
ory, the non-PTSD patient showed statistically significant
activation of the right inferior frontal gyrus (p < 0.05,
correctedformultiplecomparisons).Atalowerstatistical
threshold (p < 0.001, uncorrected) increased neural
activitywasalsoobservedinleftmedialfrontalgyrusand
precuneus (see Table 1a). By contrast, the PTSD patient
significantlyactivatedtheleftangulargyrusandtheright
superior temporal gyrus (p < 0.05, corrected for multiple
comparisons) during the retrieval of the traumatic acci-
dent episode. When a lower statistical threshold was ap-
plied(p<0.001,uncorrected),therewerealsoactivations
in the left superior temporal and medial frontal gyri, the
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PTSD) and patient AF (without PTSD)
Brain regions showing relative significant BOLD signal increases associated with (a) traumatic relative to negative non-traumatic
memory and (b) vice versa, as well as (c) negative non-traumatic memory versus baseline in patient AF (non-PTSD) and patient
RK (PTSD). For each region of activation, the coordinates in standard stereotactic space are given referring to the maximally
activated focus within an area of activation as indicated by the highest T-value. x, distance (mm) to right (+) or left (-) of the
midsagittal plane; y, distance anterior (+) or posterior (-) to vertical plane through the anterior commissure; z, distance above (+)
or below (-) the inter-commissural (AC-PC) plane. L = left, R = right, M = medial.
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autobiographical memories in patient AF non-PTSD) and patient RK (acute PTSD). The local maxima of areas of statistically
significant relative increases in neural activity are superimposed on sections of the T1-weighted high resolution MR template
provided by SPM2 to depict the functional anatomy of the activations and their relationship to the underlying structural anatomy.
Standard stereotactic coordinates of the pixels with the local maximum of activation were determined within areas of significant
relative changes in neural activity associated with the two different memory conditions. These local maxima were anatomically
localized by reference to a standard stereotactic atlas [42]. The figure focuses on medial temporal lobe activations associated
with traumatic memory. The exact coordinates of the local maxima within the areas of activation and their t-statistics are shown
in Table 1a.
left amygdala, and the right motor cortex (see Table 1a
and Figure 1).
Brainactivityassociatedwiththesimple
effect of negative non-traumatic
memories versus baseline (neutral
memories)
Comparing negative non-traumatic memories with the
neutral memory baseline condition, identical activation
patterns were observed in both patients: local maxima
in the right middle temporal gyrus and the left superior
temporal gyrus in the non-PTSD patient, and bilateral
activation of the superior temporal gyrus in the PTSD
patient, meaning that the right hemisphere activation
peakwaslocatedslightlyabovetherighttemporalactiva-
tion observed in the non-PTSD patient (see Table 1b and
Figure 2).
Brain activity associated with the effect
of non-traumatic versus traumatic
memory
In the non-PTSD patient, negative non-traumatic
memories (relative to traumatic accident memories) sig-
nificantly increased neural activity (p < 0.05, corrected
for multiple comparisons) in the right superior temporal
gyrus.Applicationofalowerstatisticalthresholdrevealed
additional activations of the right postcentral gyrus and
the medial frontal gyrus (see Table 1b). In the PTSD pa-
tient, there were no significant activations associated
with the contrast between negative non-traumatic and
traumatic memories, even at the lower statistical
threshold of p < 0.001 (uncorrected, see Table 1c and
Figure 3).
Post-scanning debriefing procedures
Post-scanning assessment of the memories retrieved
during the fMRI measurement revealed that the PTSD
patient rated memories triggered by the trauma script
higherforallitemsofourquestionnairethandidthenon-
PTSD patient. This difference was most evident for the
item 'subjective discomfort induced by the trauma script'
(PTSD patient rated 10 while non-PTSD patient rated 5).
Discussion
We present neuroimaging data of two patients who sus-
tainedsevereaccidentrelatedtrauma.Whileonepatient
developed acute PTSD, the other did not. We observed
markeddifferencesinneuralcorrelatesoftraumaticand
non-traumaticmemorybetweenbothpatients.Confronted
with the traumatic episode relative to a negative non-
traumatic memory, the patient with acute PTSD showed
increasedactivationspredominantlyintheangulargyrus
andtheamygdala.SincePTSDistypicallyassociatedwith
vivid visual recollections of traumatic experiences, activ-
ation of visual areas such as the angular gyrus can be
interpreted to represent intrusive recollection. Activation
of the amygdala appears to be also responsible for the
high degree of emotional disturbance known to coincide
withthesubjectiverecollectionofthetraumaticsituation
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neutral memories in patient AF (non-PTSD) and patient RK (acute PTSD). The local maxima of areas of statistically significant
relative increases in neural activity are superimposed on sections of the T1-weighted high resolution MR template provided by
SPM2 to depict the functional anatomy of the activations and their relationship to the underlying structural anatomy. Standard
stereotactic coordinates of the pixels with the local maximum of activation were determined within areas of significant relative
changes in neural activity associated with the two different memory conditions. These local maxima were anatomically localized
by reference to a standard stereotactic atlas [42]. The exact coordinates of the local maxima within the areas of activation and
their t-statistics are shown in Table 1b.
Figure 3: Relative increases in neural activity associated with negative non-traumatic autobiographical memories compared to
traumatic accident memories in patient AF (non-PTSD) and patient RK (acute PTSD). The local maxima of areas of statistically
significant relative increases in neural activity are superimposed on sections of the T1-weighted high resolution MR template
provided by SPM2 to depict the functional anatomy of the activations and their relationship to the underlying structural anatomy.
Standard stereotactic coordinates of the pixels with the local maximum of activation were determined within areas of significant
relative changes in neural activity associated with the two different memory conditions. These local maxima were anatomically
localizedbyreferencetoastandardstereotacticatlas[42].Theexactcoordinatesofthelocalmaximawithintheareasofactivation
and their t-statistics are shown in Table 1c.
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versus traumatic memory) confirmed that there were no
dominant activations for the contrast of negative non-
traumatic to traumatic memories. Hence, our findings
apparentlysupportthenotionthatduringtheacutestage
of traumatic memory processing, traumatic stimuli (rela-
tivetonon-traumaticones)leadtoadifferentialactivation
of brain regions in that the same, and also additional
brainregionswereactivated,howevertoahigherdegree.
Clinical symptoms of PTSD, defined as a complex of
sensoryandemotiveresponsescanbereadilyattributed
to the neural activation pattern observed in our PTSD
patient. This notion is corroborated by a review on
neuroimaging findings in PTSD [35], [21]. In the studies
reviewed, the most frequently observed circumscribed
functional changes included increases in the activation
of the amygdala following symptom provocation (which
is likely to reflect its role in emotional memory) on the
one hand, and simultaneous decreases in the activation
of Broca's area at the same time (which may explain the
problem of patients to describe their experiences) on the
other hand. In the patient who did not develop PTSD, we
observed clear differences in brain activation following
confrontation with trauma-related memories, relative to
negative non-traumatic memories specifically within
frontal and parietal regions well known to be engaged in
the processing of non-traumatic memories [36]. This
suggests activation of these regions to be possibly char-
acteristicofprocessesforthesuccessfulcognitiverestruc-
turing when coping with overwhelming emotions.
Moreover, the reverse contrast (negative non-traumatic
relative to traumatic memory) was associated with right
hemisphere activations in the superior temporal gyrus,
the medial frontal gyrus, and the postcentral gyrus. Most
of these regions were described earlier to play a crucial
role in the processing and retrieval of autobiographical
memories [12], [28].
In our study, the contrast of negative non-traumatic to
neutral memories served as a control condition to inves-
tigate the specificity of neural responses to the three
stimuliusedinourpresentstudy.Analysesofthiscontrast
showed highly similar bilateral activation of the superior
temporal gyrus in both patients. We consider this finding
important proof of the reliability of stimulus presentation
used since it apparently successfully activated identical
patternsinbrainregionsknowntobepartoftheautobio-
graphical memory system. Activations found in response
to this contrast condition confirm the hypothesis that
patients do not differ with regard to the processing of
negativenon-traumaticandneutralmemories,butexclus-
ivelywithrespecttotraumaticmemoryprocessing.Thus,
it is reasonable to assume that in acute PTSD, patients
do not suffer episodic memory disturbances in a more
generalsense.ItmaycorroboratethehypothesisofSierra
and Berrios [40] who suggested dysfunctional trauma
relatedactivationsinthecorticolimbicsystemasacause
forclinicalsymptomssuchasdissociationanddeperson-
alization. Based on her findings in a fMRI study, Lanius
[25] recently concluded that prefrontal and limbic struc-
tures underlie dissociative responses in PTSD patients.
This conclusion also supports the hypothesis of neural
specificity of information processing in PTSD-related
states leading to distinct activations associated with
traumaticandnon-traumaticmemoryrecollection.Hence,
brainregionsexhibitingalteredneuralactivityassociated
with trauma-related memory retrieval relative to non-
traumatic memory in our PTSD patient are widely similar
to those reported in previous studies on functional brain
alterations in chronic PTSD patients [4], [5], [6], [23],
[24]. This finding is of importance with regard to the
questionwhetherdifferentneuralstructuresareengaged
in the acute and chronic stage of PTSD. If there were
merelydifferentactivationpatternsinotherwiseidentical
neural structures, intervention strategies were to be de-
signed to prevent chronification of traumatic information
processing. Owing to Lanius et al. [24], traumatic recol-
lection in chronic PTSD patients signific antly increased
bilateral activation of the thalamus, medial frontal gyri,
anterior cingulate gyri, as well as the right occipital lobe.
In contrast, the retrieval of traumatic (relative to nega-
tively valenced non-traumatic) memories in our study in
two acutely traumatized patients was associated with
significant medial and lateral temporal activations. Al-
thoughthelateraltemporalactivationsarelikelytoresult
atleastpartiallyfromauditorypresentationofthescripts,
the modality of stimulus presentation cannot account
solely for the differences observed. It is thus reasonable
to assume medial and lateral temporal areas to play a
key role specifically during the acute stage of the PTSD.
This notion is supported by a wealth of studies on hippo-
campalandamygdalafunctionsinmemoryconsolidation,
including animal research [41], [43], neuropsychological
assessment of patients with hippocampal damage [2],
[33], and functional neuroimaging studies on human
episodic memory [17], [30]. The clear lateral temporal
activations allow to hypothesize lateral temporal areas
transiently acting as sites of memory storage. In conclu-
sion, our findings are well in agreement with current
modelsofemotionalprocessinginadaptationtostressful
events.
Theemotionallyoverwhelmingandstressful(i.e.notadap-
tive)recollectionoftraumaticexperiences,oneofthekey
symptomsofPTSD,causespersistingstatesofhyperarous-
alduetothetightintertwinementbetweentheemotional
limbic system, the autonomic nervous system, and the
Hypothalamic-Pituitary-Adrenal (HPA) axis. The frontal
pole and adjacent medial frontal activations observed in
the present study are thus in keeping with current know-
ledge on functions of the medial prefrontal cortex. Since
these brain areas are known to mediate interactions
between various neural circuits engaged in the cognitive
control of memory and emotion processing, as well as
workingmemoryandattention,activationoftheseregions
maybeindicativeofasuccessfulcognitiveandemotional
adaptation to the patients' negative non-traumatic mem-
ories.
In summary, the findings presented in our present study
supply evidence for differential activation patterns in two
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non-PTSD state. In the case of the PTSD patient, we ob-
served dominating activations in regions representing
the visual (gyrus angularis)and emotional (amygdala)
aspect of traumatic recollection, while in the non-PTSD
patient,weobservedactivationinthefrontalandtempor-
alareaswhichhavebeenrepeatedlyfoundtobeinvolved
in the retrieval of non-traumatic autobiographical mem-
ories [12], [30]. Still, at a lower statistical threshold, the
PTSD patient also exhibited frontal and temporal activa-
tions. We therefore hypothesize that this finding may in
part be due to the acute phase of the posttraumatic pro-
cess which corroborates the notion of an incomplete
fronto-temporal dissociation contrasting the complete
corticolimbic disconnection associated with the chronic
PTSDstate.Wehavetoconcede,though,thatthefindings
ofthisstudyarelimitedtothetwocasespresented.There
is need for extending our data employing a controlled
groupdesign.Yet,ourfindingsmatchclinicalobservations
of posttraumatic adaptation processes in acute PTSD
patients which can be described as a time-dependent
integration of information mediated by prefrontal areas.
Inthislight,incompleteprocessingoftraumaexperiences
appears to be reflected by neural activation patterns at
a lower frontal involvement and enhanced neural activity
in limbic areas of the medial temporal lobe. The neural
networks activated during the retrieval traumatic mem-
oriesinpatientswithacutePTSDresemblethosereported
from neuroimaging studies on chronic PTSD patients, al-
thoughwewereabletoobserveactivationsinbrainareas
unknown to be affected by chronic PTSD. It is reasonable
to assume that alterations in traumatic memory-related
activation patterns during the course of PTSD are based
on mechanisms of neural plasticity which have yet not
beenidentified.Theroleofneuroplasticityintheprogress
of PTSD will thus also require further investigation. Al-
though the results of this case study are preliminary, our
dataunderscoretheimportanceofacutePTSDasatopic
for future research which may also contribute to the dis-
cussion on the question whether secondary preventive
interventions of trauma therapy can effect the neural
mechanisms underlying the chronification of PTSD
symptoms.
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